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This work is on the experimental investigation into feasibility of underwater power 
transmission without using the traditional cross-linked polyethylene (XLPE) technology. It 
utilizes the vast advantages of overhead transmission lines over XLPE based cables by 
suspending bare high voltage cables within submarine pipes at the star point of insulators 
which are spaced to minimize sag. The technology of submarine pipes has been well 
established by the oil and gas industry, so this research furthers that development by utilizing 
them for electric transmission. This research is focused on determine the optimal radius of 
carbon steel pipe where there is no eddy current loss when electric cables suspended inside 
the pipe. Eddy current plus joule heating levels were made by measuring the heat level on 
different radius of the pipes for various changes in parameters such as current, voltages in 
alternating current (AC) and direct current (DC). An open-sourced machine learning 
algorithm was created to allow the machine to analyse more result in the future by different 
user and different parameter value, which produce more accurate pipe radius calculation. 
The result significantly shows that with 50 A electricity carrying cable suspended inside a 
1.11 cm pipe radius, the temperature of the pipe increased by 27.6 °C while no temperature 
changes when the optimal pipe were chosen for different value of electric current. The 
conclusion of this research shows that using DC and high voltage are the optimal mode of 
power transmission because power loss through heat energy is minimal compared to AC. 




Penentuan Terhadap Diameter Optimal pada Paip Keluli Karbon yang Dimasukkan 
dengan Kabel Elektrik 
 
ABSTRAK 
Kajian ini bertujuan untuk mengaji penghantaran kuasa bawah laut tanpa menggunakan 
teknologi traditional iaitu polietilena bersilang (XLPE). Ia menggunakan kelebihan 
daripada talian penghantar elektrik atas tiang berbanding dengan kabel XLPE dengan cara 
penggantungan dawai tembaga tanpa penebat di dalam paip bawah laut. Dawai tembaga 
akan ditegang dengan menggunakan penebat seramik berbentuk bintang. Teknologi paip 
bawah laut telah lama digunakan oleh industri minyak dan gas, oleh itu kajian ini 
melanjutkannya dengan mengintegrasikan teknologi ini dengan penghantaran elektrik. 
Objektif kajian ini adalah untuk mengenalpasti diameter optimum paip keluli karbon di 
mana tiada kehilangan elektrik berpunca daripada arus eddy apabila kabel elektrik 
digantung di dalam paip. Arus eddy dan paras pemanasan joule dapat di ukur dengan 
mengukur tahap haba paip yang berbeza saiz jejari. Parameter yang berubah adalah arus 
elektrik dan volt dalam arus ulang-alik dan arus terus. Satu aplikasi perisian telah dibina 
untuk menganalisasi hubungan antara jejari optimum paip keluli karbon dengan kecekapan 
penghantaran kuasa. Satu sumber terbuka Algoritma pembelajaran mesin telah dicipta 
untuk membenarkan mesin menganalisasi lebih banyak hasil penyelidikan pada masa 
hadapan oleh pengguna yang berbeza dan nilai parameter yang berbeza, justeru 
menghasilkan pengiraan jejari paip yang lebih tepat. Keputusan menunjukkan kabel elektrik 
50 A yang digantung dalam paip jejari 1.11 cm dapat meningkatkan suhu paip sebanyak 
27.6 °C dan tiada perubahan suhu berlaku apabila saiz optimum paip telah dipilih dengan 
arus elektrik yang berbeza nilai. Boleh dibuat kesimpulan bahawa peningkatan arus elektrik 
v 
yang menyebabkan peningkatan arus eddy dan arus terus merupakan mod optimum 
penghantaran elektrik kerana peningkatan suhu paip adalah pada tahap minimum 
berbanding dengan arus bergantian.  
Kata kunci:  Kabel bawah laut, polietilena bersilang, arus Eddy, Algorithma 
Pembelajaran Mesin  
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1.1 Research Overview 
Over the years, the limited resources of non-renewable energy paved way for the 
research and development of the renewable energy, to meet the growing energy demand. 
Fossil fuel is still acting as the main source of electrical power such as coal, gas, diesel and 
uranium which are limited in earth. In line with the global trends as well as rising concern 
on climate change, countries all over the world have being shifting towards green energy 
and renewable energy such as hydropower, solar energy, wind energy, geothermal energy, 
and nuclear energy. Solar energy does not yield as much in terms of value engineering in 
equatorial  countries because of hot and humid weather will damage the solar cell thus reduce 
it efficiency (Karunakaran et al., 2016). Moreover, low sunlight irradiation in tropical area 
due to rainfall is a huge disadvantage to massively implement solar panel in Malaysia. Solar, 
wind and geothermal energy are inconsistence when supplying power in Malaysia. The best 
option for Malaysia to harvest renewable energy is by hydroelectricity generation.  
Hydropower gives consistent amount of electricity since the river will keep flowing 
due to very high rainfall occurred, as Malaysia is tropical rainforest climate (Reba et al., 
2016). As natural resources are limited, regenerative power generation systems are becoming 
more important. Hydropower dams are normally located is very least populated area, due to 
its possibility of flood and breakdown of the dam wall due to water pressure. Consequently, 
transmission systems are needed that can transport bulk power with the utmost reliability 
and minimal losses, by overhead lines and underwater.  
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With the enabling of long distance electricity transmission, regions like South East 
Asia (SEA) which is composed of many islands and peninsulas, a common SEA power grid 
can be achieved. Renewable energy is forming an increasing percentage of the energy mix 
of many countries. But renewal energy is intermittent, so the solution formulated in Europe 
was to connect the grids of 24 countries to form the Synchronous Grid of Continental Europe 
(SGCE) which is currently the largest electrical grid in the world (Karunakaran, 2015). In 
SEA, the only way to replicate the SGCE is to link West Malaysia to East Malaysia using 
long distance submarine power transmission which is the main focus of this research.  
Peninsular Malaysia has been using non-renewable energy such as natural gas and 
coal to power up the electricity. This is because highly population area in peninsular 
Malaysia made it hard to implement large hydropower dams to meet the electricity demand. 
On the other hand, Sarawak has a lot of hydroelectric power plants and abundance for 
electricity from renewable energy. Currently, only 20% of electricity is being utilized in 
Sarawak from the generated electricity from the hydropower plant. Due to Sarawak vast 
natural geographical rainforest terrain, it has the potential to generate more than 20,000 MW 
from hydropower alone. The main concern is how the potential energy could be generated, 
transmitted and distributed to the whole country (Oh et al., 2011). 
 
1.2 The Problem and Purpose Statement  
The government has proposed to use the current underwater cable technology to 
transmit electricity from Sarawak to Peninsular Malaysia using cross-linked polyethylene 
(XLPE) cable. The cost calculated to laid the cable underwater from Sematan, Kuching to 
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Johor Bahru, Johor will cost about RM8 - 10 billion (Wong, 2009). The project soon been 
call of due to very high installation cost (Oh et al., 2011). 
The current connected grid between Borneo Island and Peninsular Malaysia should 
be continue as this will benefit both places as the high demand of electricity from Peninsular 
will generate income for Sarawak. Moreover, the excessive power that generated from the 
dam need to be disposed of by using high load and thus increase the maintenance cost. No 
land intact between Peninsular Malaysia and Borneo Island made submarine power 
transmission the only way to transmit generated hydropower from Sarawak. These problems 
gave rise the research questions as to other alternative ways to replace expensive undersea 
XLPE cable. 
The magnetic wave emitting from the power transmission will disturb the underwater 
ecosystem which will eventually endanger the species which only can be found in Borneo 
Island and the surrounding sea areas (Dennis, 2015b). Another disadvantage of XLPE is 
transmission loss due to its dielectric loss from the insulation. In order to withstand the 
underwater pressure, the exterior insulation of XLPE has to be thick (Chan et al., 1993) and 
thus increase the dielectric loss. 
The purpose of this research is to find a new concept to transmit electricity from 
Sarawak to Peninsular Malaysia in term of economic and environment aspect. By inserting 
bare power cable inside carbon steel pipe, it will create the overhead power transmission 
environment, where the carbon steel pipe will act as the housing to withstand the underwater 
pressure. This concept will reduce the expensive exterior insulation of XLPE thus minimize 
the dielectric loss. The carbon steel pipe is widely used from oil and gas company to transport 
petroleum and natural gas (Junaidi & Koto, 2016). Although the carbon steel pipe could 
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withstand the underwater pressure, the natural composure (Degarmo et al., 2003) of carbon 
steel pipe will be induced when electricity cable suspended inside and thus create an eddy 
current loss surround the carbon steel pipe. This problem will be the main objective of this 
research which is to determine the optimal size of carbon steel pipe needed when various 
electricity power transmit inside the carbon steel pipe. The hypothesis of this study is the 
higher the electricity current transmits inside the pipe, the bigger the radius of the carbon 
steel pipe needed to minimize the induced eddy current loss. 
 
1.3 Research Questions 
• What is the optimal radius of carbon steel pipe when electric cables are suspended 
inside the undersea pipe? 
• What is the difference of the pipe temperature when using alternate and direct 
current as a form of power transmission? 
• What is the algorithm to calculate the relationship between optimal radius of 
carbon steel pipe with the amount of power transmitted? 
 
1.4 Hypothesis 
The higher the value of power transmitted, the larger the pipe needed to contain the 
eddy current loss. 
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1.5 Research Objectives 
The main objective of this thesis is to determine the optimal size of carbon steel pipe 
needed in varying the power transmitted in it. It is essential to determine the optimal size as 
too small of a carbon steel pipe will increase the power transmission loss due to induce 
current on the carbon steel pipe, while too big of a carbon steel pipe will increase the cost 
and waste of material. The objectives of this research are: 
i To determine the optimal radius of carbon steel pipe when electric cables suspended 
inside the pipe. 
ii To measure and analyse the temperature of the carbon steel pipe when different 
values of Alternate and Direct Current were used in electricity power transmission. 
iii To develop a machine learning algorithm simulation tool, which able to calculate, 
identify and extrapolate ideal pipe radius. 
When the optimal radius of carbon steel pipe was determined, the magnetic field will 
be contained inside the carbon steel pipe, thus prevent any disturbance to the underwater 
ecosystem. Furthermore, the dielectric loss due to cable insulation can be minimize as the 
cable insulation will be strip off and the bare copper wire will be protected by the carbon 
steel pipe.  
At the second part of this project, a software application will be developed as one of 
the objective of this thesis. In this software application, graph will be demonstrated for every 
data relationship. A 3D surface graph will be plotted using the algorithm. The algorithm is 




1.6 Significance and Research Contributions 
Transmit electricity underwater has always been considered as a project which is 
complicated and high cost (Wong, 2009). The use of coal and natural gas in Malaysia which 
act as temporary solution to energy consumption will not be enough in the future. The project 
of transmitting electricity from Sarawak to Peninsular Malaysia can be revived by study the 
feasibility of transmitting electricity suspending inside carbon steel pipe. This form of 
underwater electricity transmission will decrease the installation cost of the project since no 
expensive insulation needed for the conductor. Moreover, abundance of carbon steel pipe 
industries in Malaysia will increase the job vacancies for Malaysian, as carbon steel pipe has 
proved to be able to sustain underwater pressure, which always used by oil and gas company 
(Institute, 2007). 
By studying the area induced by the electromagnetic wave for underwater 
transmission,  the electromagnetic interference to the marine environment can be prevent as 
stated by Ping et al. (2016) by enclosed the cables with carbon steel pipe. 
The feasibility of suspending current carrying conductor inside carbon steel pipe 
create a new conceptual design and area of study for submarine electricity transmission. This 
study will further reduce the power loss in transmission as no dielectric loss occurred and 
minimal eddy current inside the transmission line. 
The abundance of electric power in Sarawak can be transmitted to Peninsular 
Malaysia as only 40% of the electricity generated from Bakun dam is currently used now. 
The extra electric power increases the maintenance cost of the all the dams built in Sarawak. 
By realizing the transmission of electricity from Sarawak, it will reduce the maintenance 
cost. Furthermore, the transmission electricity can be sold and generate profit.  
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The software generated will be very beneficial in term of future research as every 
data will be tabulated and recorded in the database. Each recorded data will contribute to the 
graph generated, thus increase the accuracy of generated extrapolated graph. The database 
could be used by any researcher in the future to further the research thus open a great field 
of research opportunity.   
In conclusion, this research will contribute by finding an alternative economical way 
of submarine electricity transmission, which will contain the electromagnetic wave from 
interfering marine ecology, generate income from selling of the abundance electricity from 
all the hydropower dams in Sarawak and also reduce the dependency on using non-
renewable energy such as coal and natural gas to generate electricity.  
 
1.7 Thesis Overview 
This thesis consists of the analysis, experimental and investigation process to 
determine the feasibility of underwater electricity transmission by suspending electric 
carrying cable inside carbon steel pipe. Basically, the report is divided into five chapters that 
are introduction, literature review, methodology, results and discussion, and conclusion. 
Chapter 1 is the introduction of this research. This chapter includes the brief 
information of the renewable energy background, transmission of electricity, project 
objectives, problem statement and significant of the study.  
Chapter 2 is on literature review of the ongoing and review of overhead and 
underwater power transmission. The history, advantages and disadvantages of high voltage 
alternating current (HVAC) and high voltage direct current (HVDC) will be compared. The 
